Background: Fructose intake may lead to hyperuricaemia, which is associated with increased risk and progression of kidney disease. We aimed to explore the acute effects of fructose loading from different sources, with and without a pizza, on levels of serum uric acid in patients with chronic kidney disease (CKD), type 2 diabetes (T2D) without CKD, and in healthy subjects (HS). Methods: The study included six HS, and three CKD stage 4-5 and seven T2D patients. Drinks consumed were blueberry drink (17.5 g fructose), Coca-Cola (18 g fructose) and fructose drink (35 g fructose). The drinks were also combined with pizza, in total six interventions. Serum samples were collected fasting and 30, 60, 90 and 120 minutes after intake and also 240 minutes after drink + pizza, and analysed for fructose, uric acid and triglycerides. Postprandial responses were explored using repeated-measure ANOVA. Results: Baseline serum uric acid levels were increased in CKD (P = 0.037). There were significant differences in serum fructose and serum uric levels over time between drinks and drinks + pizza for all groups (P < 0.001 and P < 0.05, respectively). The highest peak in serum fructose followed the fructose drink interventions and the lowest the blueberry drink. The fructose drink interventions gave the highest responses in serum uric acid and the lowest responses followed the blueberry drink. Triglycerides increased following pizza interventions (P < 0.001). Conclusions: Intake of fructose increases serum uric acid. The fructose intake via a blueberry drink induced lowest increase and thus may be protective.
patients with type 2 diabetes (T2D) and during progression of diabetic nephropathy in T2D. 5 Uric acid is further an established marker of increased cardiovascular risk, 6 associated with higher risk of CKD 7 and it predicts mortality in CKD. 8 The mechanisms by which uric acid have detrimental effects include increased reactive oxygen species, 9 fibrosis, 10 inflammatory activity, 11 endothelial dysfunction 12, 13 and activation of the renin-angiotensin system. 14 Furthermore, fructose contributes to dyslipidemia. 12 Glucose is the dietary component that has the largest impact on intestinal fructose absorption. 1, 15 Further, those with T2D have a larger capacity to absorb fructose, 16 and fructose can be endogenously produced through the polyol pathway. 5, 17 The deleterious effects of fructose seem to be blocked when consumed naturally in fruits, presumably due to its high content of vitamins and antioxidants. 2 Previous studies that have examined the role of fructose on levels of serum uric acid in humans show conflicting results. 18, 19 Against this background, we aimed to explore the acute effects of fructose loading on serum levels of fructose, uric acid and triglycerides in CKD, T2D and healthy subjects (HS) using isocaloric fructose drinks; pure fructose drink (35 g fructose), European Coca-Cola (17.5 g fructose + glucose) and a blueberry drink (18 g fructose + glucose), with and without a pizza. We hypothesized that a blueberry drink, containing compounds with antioxidant capacity, 20 would be more favourable than Coca-Cola or pure fructose on levels of serum uric acid. We further hypothesized that the effect of fructose may be different in the patient groups, and that addition of a high carb meal would impact on levels of serum fructose and serum triglycerides. Due to differences in aetiology among patient groups, possible statistical differences between groups were not explored.
| MATERIALS AND METHODS

| Study population
Study participants were recruited at the Department of Renal Medicine or the Department of Endocrinology, Diabetes and Metabolism at Karolinska University Hospital, or through advertisement. The study included three CKD stage 4-5 patients (3F) (GFR 12-28 mL/min), seven T2D patients (4F) and six HS (3F) that completed all interventions in this pilot study. The inclusion criteria were >18 years of age, CKD stage 4-5 for those with CKD and controlled diabetes for those with T2D. Exclusion criteria were signs of fluid overload, ongoing inflammatory disease or infection, treatment with uric acid lowering agents and an inability to understand study information. Among T2D, five received noninsulin releaser oral antidiabetic drug. 
| Sample collection and laboratory analysis
Serum samples were collected at −15 minutes (before intake) and at 30, 60, 90 and 120 minutes after drink and drink + pizza consumption, and also at 240 minutes after drink + pizza consumption and analysed for fructose, uric acid and triglycerides. Creatinine, high sensitive C-reactive protein (hsCRP), glucose and glycated haemoglobin A1c (HbA1c) were analysed prior to the interventions. Samples that were not analysed directly were stored at −80°C. An in-house enzymatic method was used to measure fructose. 22 Briefly, fructose in samples are converted to sorbitol using 2 of 9 | sorbitol dehydrogenase (SDH, Roche Diagnostics GmbH, Mannheim, Germany) and NADH (Sigma-Aldrich) and quantitated on a Konelab 20XT clinical chemistry analyzer (Thermo Scientific, Vantaa, Finland). Using the same analyzer as for fructose, serum uric acid was measured with a fully automated routine Trinder (AOX) method using uricase/peroxidase, serum glucose was measured by the Trinder's GOD/POD method and triglycerides by the LPL/GK/ GPO/POD method. Concentrations of hsCRP, HbA1c and creatinine were analysed at the Clinical Research Center at Karolinska University Hospital, Solna. Extraction and analysis of anthocyanins were carried out as previously described. 23 After extraction with the methanol/water/trifluoroacetic acid mixture was completed, the analysis was performed by means of micro-HPLC-MS-TripleTOF 5600+ system (AB SCIEX, Concord, ON, Canada). Quantity of anthocyanins was calculated against the authentic standards, as the external standards.
| Statistical analyzes
Descriptive statistics for data retrieved from the first intervention of participants are presented as medians (min, max) or as frequencies. Data were tested with KruskalWallis ANOVA or Fisher's exact test, respectively, as appropriate. Measure of estimated glomerular filtration rate (eGFR) was calculated using CKD-EPI equation. 24 Acute postprandial responses within subject group were explored using repeated-measure (RM) ANOVA with serum uric acid expressed as per cent change (%) due to large variability between groups, at each time-point in relation to its baseline value at −15 minutes, and serum fructose, and triglycerides in absolute values. RM ANOVA were performed only within subject group, thus each analysis comprised two main effect factors (time and drink intervention [with or without pizza] and one interaction term (time × drink intervention). The RM ANOVA interaction term (time × intervention) explored possible differences between the drink interventions over time for each subject group. The RM ANOVA main effects of time explored possible change over time after the interventions for each subject group and are presented when RM ANOVA interaction term was found insignificant. Peak mean values ± SD are also presented for serum uric acid. Further, % change between baseline and endpoint measurement (−15 to 120 minutes and −15 to 240 minutes, respectively) and area under the curve (AUC) calculated using the trapezoidal rule, 25 taking basal value into account, were also explored for serum uric acid and serum fructose. AUC for serum fructose was divided by 100 due to large numbers. Possible differences (in %) for changes −15 to 120 minutes and −15 to 240 minutes, and AUC within groups were tested using Friedmans ANOVA. Post hoc multiple comparison test was performed when Friedmans ANOVA was found significant. Statistical significance was set at the level of P < 0.05, unadjusted for multiple testing. 26 Statistical analyses and graphical presentation of figures were made using the analytics software Statistica (Dell, Round Rock, TX, USA).
| RESULTS
Characteristics of the study population are presented in Table 1 . There were no differences in serum fructose levels between the groups. There were significant differences in levels of serum uric acid (P = 0.037) with the highest median levels in CKD (530 μmol/L), followed by 339 μmol/L in T2D and 317 μmol/L in HS.
| Change in serum fructose within groups
Serum fructose levels increased over time with differences between drink intervention for all groups (CKD; P < 0.001 [ Figure 1A ], T2D; P < 0.001 [ Figure 1B ], HS; P < 0.001 [ Figure 1C ]; RM ANOVA interaction term), with highest peak after the fructose drink and the lowest peaks after the blueberry drink. When pizza was combined with the drinks, the significant differences remained (CKD; P < 0.001 [ Figure 1D ], T2D; P < 0.001 [ Figure 1E ], HS; P < 0.001 [ Figure 1F ]; RM ANOVA interaction term). The AUC values for fructose (fructose AUC ) and per cent change of fructose (fructose % ) after drinks, and after drinks + pizza are presented in Table 2 .
| Change in serum uric acid within groups
There were significant differences in serum uric acid levels over time between the drink interventions for all groups (CKD; P = 0.02 [ Figure 2A ], T2D; P < 0.001 [ Figure 2B ], HS; P < 0.001 [ Figure 2C ]; RM ANOVA interaction term), with the highest peak after the fructose drink. Uric acid increased in CKD patients after fructose drink to mean of 619 ± 93 μmol/L, after Coca-Cola to mean 555 ± 104 μmol/L, and after blueberry drink to mean 540 ± 26 μmol/L. In T2D, the fructose drink resulted in an increase to mean of 411 ± 69 μmol/L, Coca-Cola to mean 369 ± 86 μmol/L, and after blueberry drink to mean 354 ± 72 μmol/L. In HS, fructose induced an increase in serum uric acid mean peak of 350 ± 89 μmol/L, and CocaCola to mean value 319 ± 99 μmol/L, while no increase followed blueberry drink.
When pizza was added to the drinks, the significant differences remained (CKD; P = 0.004 [ Figure 2D ], T2D; P = 0.003 [ Figure 2E ], HS; P = 0.009 [ Figure 2F ]; RM OLOFSSON ET AL.
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ANOVA interaction term). Fructose drink and pizza increased the peak level of uric acid in CKD to mean 647 ± 108 μmol/L, in T2D to mean 413 ± 82 μmol/L and in HS to mean of 351 ± 70 μmol/L. Uric acid AUC and uric acid % after drinks, and drinks + pizza, are presented in Table 2 . 
| Change in triglycerides within groups
Pure drink interventions did not change postprandial triglycerides over time for CKD and HS (P = 0.6 and P = 0.2, respectively; RM ANOVA main effect of time). For T2D, there was a significant difference in serum triglyceride levels over time between the interventions (P = 0.01 RM ANOVA interaction term), with a u-shaped pattern following fructose drink and a slight decrease between −15 and 30 minutes following sucrose drinks. Following interventions including pizza, serum triglyceride levels increased at the end of follow-up time for CKD and HS (P < 0.001 for both; RM ANOVA main effect of time). For T2D, there was a significant difference in serum triglyceride levels over time between the interventions (P < 0.001 RM ANOVA interaction term) where the increase at the end of follow-up time was greater after fructose drink and pizza, followed by interventions with blueberry drink and Coca-Cola.
| DISCUSSION
The main findings of this study were that fructose load increased uric acid levels, postprandial serum fructose differed between drinks and disease category, and postprandial changes in serum uric acid were dependent on both the source of fructose and the disease. As expected, baseline values of serum uric were higher in CKD. 27 In all groups, serum uric acid levels changed over time following intakes with most pronounced responses after interventions with fructose drink, whereas blueberry drink resulted in the lowest concentrations. Further, CKD who had the highest baseline levels of uric acid increased less than T2D and HS after interventions with fructose drink. However, greater serum uric acid AUC was observed in CKD after interventions with fructose drink and the highest mean values of serum uric acid was observed in this population. Moreover, fructose drink resulted in up to 10-fold greater uric acid AUC compared to Coca-Cola (Table 2) , although it's only twice higher content of fructose, and a slower hepatic metabolism of pure fructose can be speculated. Also, fructose metabolism is facilitated by the presence of other nutrients. 28 The postprandial response after fructose loading shows conflicting results in the literature, which may partly be explained by differences in study design. Excessive doses of fructose used in studies, not reflecting a normal intake, have, for example, been a matter of discussion. 2, 19, 29 In with previous studies (highest dose; 39.2 g in the form of sodas). 30, 31 In contrast, a smaller serving of regular soda (0.2 g fructose/kg) during 9 hours did not raise plasma uric acid levels in HS. 32 In CKD, higher uric acid AUC was found 2 hours following intake (1 g/kg) when compared to controls, while controls had higher uric acid % after 60 minutes. Inhibited generation and increased gut excretion of uric acid in CKD was suggested, 27 meaning a delayed reaction could be present in CKD. In T2D, 30 g of fructose added to regular diet for 2 months did not affect serum uric acid levels. 33 Present study suggests that consumption of the anthocyanin-rich blueberry drink influence levels of uric acid, which is supported by previous findings. In mice, a single administration of anthocyanin extract reduced uric acid concentrations in blood. 34 Further, in hyperuricemic humans consumption of blueberries was found to decrease uric acid levels. 35 No increase in serum triglycerides was observed following the pure drink interventions (120 minutes follow-up), previously observed in CKD after 240 minutes, 36 suggesting that follow-up time is of importance. The results observed in this study are in line with previous findings of increased serum triglycerides following fructose in combination with meal.
37,38
The results of the present study should be interpreted considering both some strengths and limitations. The strengths of the study include the use of different fructose containing drinks. Moreover, as free fructose and free glucose may be more detrimental than sucrose, the breakdown of sucrose in European Coca-Cola was taken into account to avoid incorrect interpretations. 39 The combination of fructose drinks with a high carb meal, representing a typical Western meal, further adds value. A final strength was that we analysed the fructose, glucose and anthocyanin content in the drinks. Some limitations should also be acknowledged. First, since only acute responses were studied we cannot draw any conclusions about the long-term exposure of fructose. Further, the fructose drink contained double amount of fructose compared to the other drinks due to choice of using iso-caloric beverages. Moreover, the results in the present study are based on a small number of participants and errors due to this cannot be ruled out. Consequently, the power in the study might be reduced and the probability of type 2 error increases, that is we fail to reject the null hypothesis. Thus, differences that exist might not be found, and true differences might be different (likely larger) than those detected. No corrections were made for multiple testing. Some significant results may therefore be chance associations, introducing type 1 error. On the other hand, true associations might have been rejected if corrections were made. 26 The choice of not correcting for multiple testing by choosing another level of significance, that is α = 0.01, the probability of type 2 errors were reduced. 40 Lastly, no consideration was taken to gender or heredity, which may impact the fructose metabolism. 41, 42 In conclusion, in the present study, we observed increased concentrations of serum uric acid following fructose drink, while there are indications that blueberry drink may be protective. CKD patients, with the lowest peak increase in serum uric acid followed by T2D, attained the highest serum uric acid levels. Thus, even at low doses, intake of fructose drinks increases serum uric acid concentrations, a condition shown in previous studies to associate with negative health effects.
